The objectives of the project are to investigate coupled hydraulic, geochemical, and microbial conditions, and to determine the critical biogeochemical parameters necessary to maximize the extent of Cr (VI) bioreduction and minimize Cr(III) reoxidation in groundwater. Specific goals of the project are as follows:
• Geophysical survey, including radar and seismic tomography, was conducted on 
Geochemical and Microbial Analyses
• A single application of HRC, injected in August 2004, maintained strongly reducing (methanogenic) conditions in a chromate contaminated aquifer for at least 20 months ( Figure 1 ). Some HRC is still likely remained in the formation between the injection and monitoring wells.
• 16S rRNA gene used as biomarker due to a large database and availability of "universal" primers.
• Phylogenetic arrays analysis of water samples demonstrate continued enrichment of iron, sulfate, nitrate reducers, methanogens, methane oxidizers, sulfur oxidizers.
• Preliminary functional array data also show enrichment of nitrate, chromate, iron, and sulfate reducers, sulfur oxidizers, methanogens, and methane oxidizers.
• Combined molecular analyses indicates that chromate reduction is mediated by both direct (chromate reduction) and indirect (Fe • Near the bottom of the Hanford formation: (1) Sulfate concentration dropped to zero approximately 6 months after the HRC injection into Well 699-96-45; (2) Sulfate concentration decreases in the pumping well during pumping, and it rebounds when pumping stops; (3) Carbon isotope ratios of DIC increases in both wells during pumping, reflecting biodegradation of 13 C-labeled HRC, and decreases when pumping stops.
• Near the Hanford aquifer water table: (1) Sulfate drops to a lesser extent than that in the deep intervals near the bottom of the Hanford formation, but exhibits a similar pattern: (2) Nitrate in the pumping well decreases to zero during pumping, but rebounds when pumping stops; (3) Carbon isotope ratios of DIC increase during pumping, but not as much as in the deeper intervals.
Geophysical Investigations
• The interpretation of the results of seismic and radar surveys confirms that HRC is detectable at a field scale.
• Changes in the radar amplitudes are similar to those from electrical conductivity measurements in boreholes, which are caused by changes in the total dissolved solids (TDS) between the wells, changes in nitrate/sulfate concentrations during pumping or minor mineralogical changes. (These results need further verification using modeling.) • Changes in the dielectric parameters likely indicate changes in mineralogy and/or reduction in pore space (leading to the formation of gases). (This conclusion needs further verification using experimental and modeling studies.) • Seismic measurements indicate the effects of HRC injection in the Ringold and Hanford formations, including the formation of gasses and sulfide precipitates.
• Geophysical investigations should be conducted in conjunction with field and laboratory geochemical measurements and modeling, which, in turn, will help reduce non-uniqueness of geophysical signatures.
Numerical Modeling
• A preliminary model was developed using a 2D (plan view) numerical grid for simulating the Hanford formation aquifer-24 m long, 12 m wide, and 1 m thickness, with the injection Well 699-96-45 at the centre of the model. The grid is radial near the injection and pumping wells, and is rectangular within the rest of the model domain.
• A new 3D grid was created by stacking five 2D plan grids on the top of each other to represent the saturated Hanford formation.
• Preliminary reactive transport modeling included simulations of the HCl injection (as analogue to the lactic acid injection) into the Hanford formation to assess the effects of several minerals-calcite, K-feldspar, albite and quartz.
FY 2007 Planned Activities

Field Investigations
• Use elevation survey data and water level measurements at all 5 wells to define the local groundwater flow direction.
• Continue monthly water level monitoring and water sampling from the monitoring wells.
• Perform a series of field radar and seismic measurements using observations in all 5 wells.
• Conduct a slug interference test in conjunction with the tracer and pumping tests using observations in 4 monitoring wells.
• Consider the need for drilling and completion of a new monitoring well (if needed, obtain a variance from the Ecology Department of the Washington State).
• Consider conducting a new HRC injection at 100-H Site.
Microbial and Geochemical Analyses
• Microbial and geochemical analyses of sediments from new wells drilled in 2006.
• Use enrichments for microbial isolation of microbial communities using water samples and sediments.
Numerical Modeling
• Perform a numerical analysis of the results of the tracer and pumping tests conducted in [2004] [2005] [2006] . Develop an updated 3D model of hydrogeological conditions (heterogeneity, saturated hydraulic conductivity, specific yield) to be used as a basis for the numerical chemical transport modeling. Incorporate the effect of the the Ringold Formation and the unsaturated zone.
• Continue the development of a numerical reactive chemical transport model using the specific HRC (glycerol (tri)polylactate) parameters (viscosity, capillary characteristics, thermodynamic data), and the formation mineralogical and geochemical data. In particular, incorporate the geochemical effects of mineralogical phases, Cr and Fe species, thermodynamic and kinetic data.
• Simulate the long-term effect of the HRC injection on Cr(VI) bioremediation and Cr(III) precipitation and sustainability in groundwater.
Data Analysis and Preparation of Scientific Publications
• Create a project database including the data collected from field observations, field and laboratory experiments, and numerical modeling.
• Continue the analysis of the microbial, geochemical, hydrogeological, geophysical, and modeling studies.
• Write and publish a series of peer reviewed papers.
Implementation
• The results of this project will be used to provide design parameters for a treatability study of bioremediation of 100-D to improve the effectiveness of the ISRM barrier (project supported by EM-22).
• Collaboration with the Oregon State University (Jack Istok) in predictions of the effect of lactate addition on the microbial community and geochemistry at the 100H area.
Information Access
The project website is at http://www-esd.lbl.gov/ERT/hanford100h/ A special FTP site with the access to all data collected during the project and publications has just been created.
